Background: Growing evidence has indicated that interleukin-37 (IL-37) is a potential anticancer molecule that mainly plays an inhibiting role in different kinds of cancers, but data for the role of IL-37 on cell apoptosis in cancers remains rare. The present study aimed to explore the role of IL-37 in cell apoptosis in cervical cancer, and the involved apoptosisrelated molecules. Methods: IL-37 was overexpressed by transfecting the pIRES2-EGFP-IL-37 plasmid in HeLa and C33A cells. Reverse transcription-quantitative polymerase chain reaction (RTqPCR) was performed to detect the mRNA expression of IL-37, Bcl-2, Bax and Bim. Western blotting was performed to detect the protein expression of IL-37 and Bim. Cell apoptosis was detected by flow cytometry. Results: IL-37 upregulated the mRNA expression levels of Bim by 138.40% for HeLa (P<0.05) and 58.95% for C33A (P<0.05), and increased the protein expression levels of BimL by 69.10% (P<0.05) and 56.66% (P<0.05) in HeLa and C33A, respectively. Overexpression of IL-37 increased the apoptosis rates by 152.86% for HeLa (P<0.01) and 25.4% for C33A (P<0.05). Knockdown of Bim by specific siRNA interference fragments (SiBim) reduced the apoptosis rates by 36.00% for HeLa (P<0.05) and 14.66% for C33A (P<0.05). Compared with the IL-37 overexpression group, the apoptosis rate in cotransfecting the IL-37 overexpression plasmid and SiBim group decreased by approximately 31% (P<0.05) and 24.35% (P<0.05) in HeLa and C33A, respectively. Conclusion: IL-37 upregulated Bim in cervical cancer cells. Furthermore, IL-37 can promote cervical cancer cell apoptosis, but Bim knockdown decreased this promotion through IL-37. Thus, IL-37 can promote cervical cancer cell apoptosis, which involve the upregulation of Bim.
Introduction
Cervical cancer (CC) is the fourth most common cancer in both incidence and mortality for women, with approximately 570,000 cases and 311,000 deaths in 2018 worldwide. 1 Furthermore, approximately 95% of CC cases are caused by persistent human papillomavirus (HPV) infection and related long-term chronic inflammation. 2 This fact indicates the important role of inflammation in the devel-normally low, but this significantly increases under severe inflammatory conditions. Thus, IL-37 plays an important regulatory role in the development of a variety of inflammatory and autoimmune diseases. [7] [8] [9] [10] [11] [12] Increasing evidence suggests that IL-37 may be an anti-cancer molecule due to its inhibiting role in different kinds of cancers. 3, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] For example, IL-37 can inhibit cell invasion and metastasis through the IL-6/STAT3 signaling pathway in non-small cell lung cancer. 15 Furthermore, IL-37 can also suppress the proliferation, migration and invasion of human lung adenocarcinoma A549 cells. 16 In addition, IL-37 can inhibit colon cancer development through beta-catenin suppression, and function as a novel prognostic indicator and potential therapeutic target. 25 In lung cancer, Li et al reported that IL-37 suppressed tumor metastasis by inhibiting Rac1 activation. 26 In hepatocellular carcinoma cells, Li et al reported that IL-37 induced autophagy by inhibiting the PI3K/AKT/mTOR pathway. 17 In our previous study, it was found that IL-37 inhibited STAT3 expression, and suppressed cell proliferation and invasion in CC cells. 3 Cell apoptosis is regarded as a tumor inhibitory mechanism, however, to our knowledge, the effect of IL-37 on tumor cell apoptosis has rarely been researched in recent studies. Hence, the present study discussed the role of IL-37 in the cell apoptosis of CC. B-cell lymphoma 2 family (Bcl-2 family) proteins contain at least one of the four Bcl-2 homology domains, and contribute to programmed cell death or apoptosis. Some of the members (Bcl-2, Bcl-XL and Mcl-1) are anti-apoptotic, while the others (Bim, Bax, Bak, and Bok) are proapoptotic. 27 Recently, Bcl-2 family proteins have been identified to play roles in many apoptotic-related diseases, including cancer. Moreover, there are some clues showed the relationship between IL-37 and the Bcl-2 family members. In SMMC-7721 cells, IL-37 induced cell apoptosis and increased Bax, LC3 and beclin 1 levels, but decreased Bcl-2 levels. 28 In renal cell carcinoma, IL-37 promoted cancer cell apoptosis and decreased the expression of IL-6, pSTAT3, Bcl-2, and cyclin D1. 23 IL-37 has also been found to reduce cell death and increase Bcl-2 levels in hepatocytes. 29 CA, USA), according to manufacturer's instructions. Then, the RNA was reversely transcripted to DNA through the following reactions: 2 μl of 5×PrimeScript RT Master Mix, 500 ng of total RNA, and RNase-free dH 2 O was added to reach a volume of 10 μl. The real-time PCR was performed on Prism 7500 (ABI, Foster City, CA, USA) using a standard SYBR green assay protocol. The primers were as follows: IL-37-F: 5ʹ-GATCACAAAGTACTGGTCCTGG-3ʹ, IL-37-R: 5ʹ-TCCTTTATCCTTGTCACAGTAG-3ʹ; Bim-F: 5ʹ-CAGAC AGGAGCCCAGCACC-3ʹ, Bim-R: 5ʹ-TCCAATACGCCG CAACTCTT-3ʹ; Bcl-2-F: 5ʹ-ATGTGTGTGGAGAGCGT CAA-3ʹ, Bcl-2-R: 5ʹ-ACAGTTCCACAAAGGCATCC-3ʹ; Bax-F: 5ʹ-ACAGACAGGAGCCCAGCACC-3ʹ, Bax-R: 5ʹ-CAGTTTGCTGGCAAAGTAGAAAAG-3ʹ. GAPDH was used as the normal control, and the primers were 5ʹ-TGACTTCAACAGCGACACCCA-3ʹ (forward) and 5ʹ-CACCCTGTTGCTGTAGCCAAA-3ʹ (reverse). Quantitive PCR (qPCR) was performed on the 7500 Real-Time PCR ABI system (ABI, USA) using a 96-well plate format. PCR was performed in triplicate in a 20 μl reaction volume containing 10 μl of 2×FastStart Universal SYBR Green Master (ROX; Invitrogen, Guangzhou, China), 0.8 μl of forward primer (10 μM), 0.8 μl of reverse primer (10 μM), 1 μl of cDNA and 7.4 μl of RNase-free dH 2 O. The reaction conditions were 95°C for 10 mins, 40 cycles of 95°C for 15 seconds, and 60°C for one minute. Data were analyzed using the sequence detection software version 1.6.3 supplied by Applied Biosystems (ABI, USA). The relative mRNA expression levels of IL-37 or Bim were calculated and normalized using the 2 −ΔΔCt method relative to GAPDH.
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Western blotting
Cells were lysed in RIPA buffer (Beyotime, Shanghai, China), and the lysates were collected into tubes and centrifuged at 12,000 g for 20 mins at 4°C. Then, the supernatants were collected, and the protein concentration was quantified using a BCA Protein Quantitative Kit (Beyotime, Shanghai, China). Western blotting was performed according to the manual. An equal amount of protein (20 μg) was separated on 10% SDS-PAGE and transferred onto PVDF membranes (Millipore, Billerica, MA, USA), which were blocked with 5% non-fat milk for one hour and incubated overnight at 4°C with rabbit anti-human antibodies against IL-37 (Abcam, Cambridge, MA, USA, ab116282; diluted at 1:1,000), Bim (CST; diluted at 1:1,000), and GAPDH (Goodhere Technology, Hangzhou, China; AB-P-R001; diluted at 1:500), respectively. Then, this was followed by incubation with goat anti-rabbit HRP-conjugated secondary antibody (Abcam, Cambridge, MA, USA, ab116282; diluted at 1:1,000) for one hour, and detection by ECL. The reactive bands were revealed using an Immobilon Western Chemiluminescent kit (WBKLS0100; Millipore, USA) through the Roche Cobas e601 automated chemiluminescence image analysis system (Roche, USA).
Cell apoptosis assay
The combination of Annexin-V-FITC and propidium iodide (PI) staining methods was applied on cells for the following groups: (a) control group, transfection of control palsmid; (b) IL-37 group, transfection IL-37; (c) SiBim group, transfection of siRNA fragments against Bim (SiBim); (d) IL-37+SiBim group, co-transfection IL-37 and SiBim. Cells (5×10 4 /500 μl of medium) were seeded onto 24-well culture plates. After transfecting for 48 hrs, these cells were trypsinized with EDTA-free typsine, washed, and resuspended in 500 μl of binding buffer with 5 μl of Annexin-VFITC and 5 μl of PI (Sigma, USA). Then, these cells were incubated for 5-15 mins at room temperature in the dark. Afterwards, the number of cells was immediately read by flow cytometry (Beckman Coulter). The proportion of apoptotic cells (Annexin-V positive cells) were presented as mean ± standard deviation (SD). There were four controls: empty control, Annexin V-FITC staining control, PI staining control, and Annexin V-FITC/PI double staining control. Each group contained three parallels, and the experiments were performed in triplicate.
Statistical analysis
The statistical analysis was performed using SPSS 15.0 (http://spss.en.softonic.com/). Independent samples t-test was used for analyzing two groups, while one-way analysis of variance (ANOVA) was used for examining multiple groups. The rates were compared using chi-square test. The level of statistical significance was set at P<0.05 or P<0.01.
Results
IL-37 was successfully overexpressed in HeLa and C33A cells
In the present study, the eukaryotic plasmid pIRES2-EGFP -IL-37 was used to overexpress IL-37 in HeLa and C33A cells, respectively. As a result, in HeLa cells, the mRNA expression level of IL-37 increased by 3,328.35% (P<0.01, Figure 1A ), while the protein expression level of IL-37 increased by 1,043.9% (P<0.001, Figure 1B) , when compared to the control group. In C33A cells, the mRNA expression level of IL-37 increased by 2,424.88% Figure 1C ), while the protein expression level of IL-37 increased by 210.1% (P<0.05, Figure 1D ), when compared to the control group. These results suggest that transfection of pIRES2-EGFP-IL-37 in HeLa and C33A cells can successfully express IL-37 protein.
Expression changes of apoptosis-related genes induced by IL-37
In order to detect the influence of IL-37 on apoptosis-related genes, the mRNA expression levels of Bcl-2, Bim and Bax were analyzed by RT-qPCR ( Figure 2 Figure 3B and D).
Bim expression was knocked down by siRNA in HeLa and C33A cells
In order to investiage the effects of Bim on the apoptosis of HeLa and C33A cells, the RNA interference method was applied using specific siRNA fragments against Bim (SiBim). Bim was knocked down with SiBim in HeLa and C33A cells. Then, the mRNA and protein expression levels of Bim were counted by RT-qPCR and western blotting, respectively. In HeLa cells, the mRNA expression level of Bim in the SiBim group decreased by 80.3% (P<0.05, Figure 4A ), protein expression level of BimL decreased by 84.00% (P<0.01), and the total protein of Bim decreased by 60.57% (P<0.01, Figure 4B ), when compared to the control group. In C33A cells, the mRNA expression level of Bim decreased by 78.00% (P<0.05, Figure 4C) , the protein expression level of BimL decreased by 66.55% (P<0.05), and the total protein of Bim decreased by 37.11% (P<0.05, Figure 4D ), when compared to the control group. These results suggest that the siRNA fragments against Bim were efficient in both cervical cancer cell lines.
Effects of IL-37 and Bim on cell apoptosis
IL-37 can regulate the expression of Bim, which is a crucial pro-apoptotic factor in both HeLa and C33A cells, but their combination roles on the apoptosis of these two cells remain unclear. In the present study, cells were assigned into four groups: (a) normal control (NC) group, transfection control plasmid; (b) IL-37 group, transfection IL-37; (c) SiBim group, transfection of SiBim; (d) IL-37+SiBim group, co-transfection IL-37 and SiBim. The following were the four controls: empty control, Annexin V-FITC staining control, PI staining control, and Annexin V-FITC/PI double staining control. In HeLa cells, the cell apoptosis rates were 16.56%, 42.00% and 10.56% in the HeLa-NC, HeLa-IL-37 and HeLa-SiBim groups, respectively ( Figure 5A-C) , when compared to controls. Compared with the HeLa-NC group, the apoptosis rate increased by 152.86% (P<0.01) in the HeLa-IL-37 group, while the apoptosis rate decreased by 36% (P<0.05) in the HeLa-SiBim group. Compared with the HeLa-IL-37 group, the apoptosis rate of HeLa-IL-37+SiBim decreased by approximately 31% (P<0.05). In C33A cells, the cell apoptosis rates were 30.35%, 38.06% and 25.9% in the C33A-NC, C33A-IL -37 and C33A-SiBim groups, respectively ( Figure 5F-H) , when compared to controls. Compared with the C33A-NC group, the apoptosis rate increased by 25.4% (P<0.05) in C33A-IL-37 group, while the apoptosis rate decreased by 14.66% (P<0.05) in the C33A-SiBim group. Compared to the C33A-IL-37 group, the apoptosis rate decreased by approximately 24.35% (P<0.05) in C33A-IL-37+SiBim group. The results in both cell lines were consistent with each other and indicated IL-37 could efficiently promote apoptosis in CC cells. Furthermore, Bim inhibition could antagonize the apoptotic role of IL-37, which suggests that Bim is involved in the IL-37-induced apoptosis in cervical cancer cells.
Discussion IL-37 is concerned for its role in inflammation, and innate and adaptive immunity science, when it was renamed in 2010. Recent studies have begun to report its role in cancer. It has been previously found that IL-37 could suppress CC cell proliferation through STAT3. However, the potential role of IL-37 in the cell apoptosis of CC is rarely known. In the present study, it was found that IL-37 promoted cell apoptosis in two CC cell lines. IL-37 could upregulate the expression of pro-apoptotic factor Bim, while the inhibition of Bim can attenuate the apoptosis induced by IL-37.
In the present study, two CC cell lines, HPV(+) HeLa and HPV(-) C33A, were used. The normal expression of IL-37 was very low in both cell lines. The transfection of the IL-37 plasmid led to the 10-fold upregulation of IL-37 mRNA expression in HeLa cells and 2-fold upregulation for C33A cells. This expression difference may be due to the HPV infection, which might suggest that IL-37 may exert a higher anti-cancer efficiency in HPV (+), when compared to that in HPV(-) cervical cancer cells. This result is consistent with previous studies. For example, it has been reported that Artepillin C (3,5-diprenyl-4-hydroxycinnamic acid) has more anti-tumor activity in different HPV cervical cancer cell types, when compared to HPV(-) cells. IL-37 can efficiently promote cell apoptosis in HeLa cells, as well as in C33A cells. The anti-tumor role of IL-37 in different cancer types has been reported by inhibiting tumor cell proliferation, migration and invasion. 14, 15 However, the effect of IL-37 on tumor cell apoptosis is limited. Jiang et al reported that IL-37 markedly inhibited the migration and proliferation, and promoted the apoptosis of renal cell carcinoma cells. 23 The investigators previously reported that IL-37 could suppress cell proliferation and invasion in CC cells. 3 In the present, it was further revealed that IL-37 can promote cell apoptosis in cervical cancer cells, which was consistent with the results reported by Jiang. 23 Compared with the control group, the apoptosis rate increased by 152.86% and 25.4% in HeLa and C33A, respectively, in the IL-37 group. Hence, it appears that HeLa is more sensitive to IL-37 than C33A. The influence of IL-37 was first analyzed on three Bcl-2 family members, Bim, Bax and Bcl-2. Among these, Bim and Bax are pro-apoptotic, while Bcl-2 is antiapoptotic. The results revealed that IL-37 can significantly upregulate the mRNA expression levels of Bim and Bax in both cell lines, but significantly inhibit Bcl-2 in HeLa (Figure 2 ). This result was consistent with previous studies. It has been reported that in SMMC-7721 cells, renal cell carcinoma cells and hepatocytes, IL-37 could promote cell apoptosis through either increasing Bax or decreasing Bcl-2. 28 In addition, the Bcl-2 family members are involved in many other uterus diseases. For example, Bcl-2 is involved in the apoptosis regulation of endometriosis, which is characterized by insufficient apoptosis. 40, 41 Since IL-37 can regulate some Bcl-2 family members, it seemed that IL-37 might also play a role in those pathological processes through Bim or other Bcl-2 protein, which shows IL-37's broad application prospect in gynecological diseases.
In this study, we found the apoptotic role of IL-37 in CC cell lines may be at least partially through Bim. The results in this study showed overexpression of IL-37 can upregulate Bim in CC cells. Since the normal expression levels of IL-37 in both CC cells were low, we didn't check the expression change of Bim under the condition of IL-37 knock down. IL-37 increased the apoptosis rate, while SiBim attenuated this phenotype in both CC cell lines. Moreover, compared with the overexpression IL-37 group, the apoptosis rates of the IL-37 +SiBim group reduced 31% and 24.35% in HeLa and C33A, respectively. This result suggests that other factors may have taken part in the IL-37-induced apoptosis, but it was confirmed that Bim was one of these. Thus, it was speculated that IL-37 could increase the expression of Bim and other factors, and trigger the apoptosis process. To our knowledge, the relationship between IL-37 and Bim has been less reported. However, it is not surprise that many proteins carry out their apoptotic effects through Bim. For example, the 26S proteasomeassociated PAD1 homolog 1 (POH1)-induced tumor cell apoptosis via Bim and the ability of TMEM16A/ANO1 to inhibit apoptosis by downregulating the expression of Bim. 40 In the present study, it was revealed that Bim was also involved in the IL-37 induced apoptosis process.
In addition, there are many markers have been reported for early CC dignosis or differentiating carcinoma-in-situ (CIS) from microinvasive cancer of CC. 41, 42 Some markers such as p16 ink 4a, p16, E-cadherin, Ki67, pRb and p53 were showed to be able to detect early cervical lesions have more chance to evolve to invasive forms. Other markers such as CEA, SCC-Ag and CD44 have been developed to detect invasive forms. 43 Moreover, PDL1 was the newly reported marker and would be useful in differentiating CIS from microinvasive cancer in CC. 44 A study also suggest IL-6
and IL-37 may serve as biomarkers for the diagnosis of endometriosis. 45 However, there are no reports suggesting IL-37 might be a biomarker in CC. In future studies, the relationships among IL-37 and these markers should be investigated to help offer better diagnosis and treatment for CC patients. In summary, the present study revealed that IL-37 could induce apoptosis in CC cells, which involved the upregulation of Bim (Figure 6 ). The results expanded our knowledge on the role of IL-37 in cell apoptosis, and also suggested that IL-37 may be a potential drug for CC treatment in the future. OncoTargets and Therapy
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